This study used daily observation data obtained from the Nigerian Meteorological Agency (NiMet) to investigate the temperature trend of Nigeria from 1981-2015. The data were homogenised using the Quantile Matching (QM) method and Quality Controlled. The data have been transformed into three sets of data with different periods: daily, monthly and yearly. The datasets (daily, monthly and yearly) were checked for autocorrelation and if they were found auto correlated, the Modified Mann Kendall (MMK) and the PreWhitening (PW) methods were used and compared, if not the normal Mann Kendall (MK) test was applied. The results showed for the different methods, variations in the trend from one station to another and for the minimum and maximum temperature. These variations were observed in the different methods and data screening the performance of each of the methods in the datasets. The general trend was found to be increasing. The variations in the temperature increase the Diurnal Temperature Range (DTR) that impact human health and increase the probability of occurrence of extreme events.
Introduction
A trend is a long-term change (increase or decrease) in a time series. A trend analysis is ordinarily used in climatology to know how the temperature for example, changes with time. It is also useful in predicting the future behaviour of climate parameters. In Africa temperature and precipitation are the two most studied parameters in terms of past, present and future trend because of the economy that is based mainly on agriculture [1] - [7] . Knowing and controlling the two parameters is very important to maximise the agricultural production.
Regional temperature and rainfall over the West Africa region have changed with the time and this has caused damages to the ecosystems and the interrelationships between them [8] - [15] . Trend analysis has been greatly carried on different parameters in many part of the world [16] - [25] . The Mann Kendall (MK) trend test have been widely used and adapted several times in different studies.
The Modified Mann Kendall (MMK) and the Pre-Whitening (PW) methods were developed and applied on auto correlated and noised data to remove the noise and the serial correlation so as to increase the power of the trend analyses and their results [19] [26]- [36] .
In Nigeria trend analysis has been done [37] ; statistical approaches have been directly used on the data such as the kurtosis and skewness coefficients to detect changes and variations in the temperature and rainfall values. Similarly, [38] did in the South West of Nigeria a study on trend and variability of temperature. He used the least square regression and the normal Mann Kendall to determine the trend and applied the t-test and the standardized index to detect variability in the temperature. In this study observation data were first obtained from the Nigerian Meteorological Agency and Quality Controlled. The data were further transformed into three datasets with different time periods; daily, monthly and yearly data that were then auto correlated to detect serial correlation in the different datasets; if they were found auto correlated, the two methods (MMK and PW) were used to evaluate the trends without losing the power of the results, if not the normal MK test was applied. A comparison was then made between them especially the MMK and PW to detect the power and the circumstances of each of the applied method. Figure 1 shows the study area, Nigeria, one of the biggest countries in West Africa in terms of land mass and population. The country covers a land mass of approximately 923,769 square kilometres (km 2 ), (with 909,890 km 2 of land area and 13,879 km 2 of water area) [39] .
Materials and Methods

The Study Area
The twentieth century has been among the driest periods of the last several centuries; the well-advertised droughts of the 1970s and 1980s were only the latest of several significant such episodes to affect West Africa in this century. At least two of these droughts have severely affected large areas of Northern Nigeria and the Sahel. These drought periods are indications of the great variability of climate across tropical Africa and across Nigeria, the most serious effects of which are usually felt at the drier margins of agricultural zones or in the regions occupied primarily by pastoral groups. Although average temperatures vary little from coastal to inland areas, except the North East of Nigeria which has greater extremes [40] . Nigeria was selected in this study because of its exposure to extreme events such as droughts and heat waves recorded in 2016 in Lagos and because it covers five climatic zones in West Africa. Nigeria could then be representative of the West Africa.
Materials
Observed daily temperature data from synoptic stations across Nigeria for a period of thirty-five (35) period 1981-2015 with less or no missing data. (Figure 2) 
Methods
The collected observation data needed to be convert and prepared for the processing and analysis. Thus, the data were converted into ASCII comma separated values (.CSV) files as required for homogenisation using "RHTest" package in R statistics software. All the columns were structured as following sequences: YEAR, MONTH, DAY, TMAX, TMIN (the unit is the degrees Celsius).
The two files were converted into time series (TS) using R statistics software.
The data were tested for homogeneity, as homogeneous data are highly rec- This analysis reduced the number of stations from 17 to 11 stations ( Table 2 shows the maintained stations). The stations that were not considered showed anomalies after the homogenisation such as TMIN > TMAX. To analyse the trend in the temperature time series, the daily data of each station are transformed into monthly and yearly data using a mean based function for calculation as the temperature data is being analysed. An autocorrelation was carried on each station using not only the daily dataset but also the monthly and 
where y is the sample mean of the data, n is the number of sample. in case the dataset was revealed to be serially correlated. The last two methods were compared to evaluate their performance. The magnitudes of the slopes of the time series were measured using Sen's Slope method. The Mann-Kendall statistic test is given by Equation (2):
where X i and X j are the sequential data values, n is the data set record length.
This methodology was developed using the homogenisation and quality control of the station data before proceeding to the trend analysis using three different methods where not only the normal Mann-Kendall method was used (annual data), but also the MMK and PW methods were used and compared.
The applied method is recent and good to explore since it is advised that the climatological data is homogenised and quality controlled before further analysis to harmonise and remove breaks. It has also been proved in previous studies [19] 
Results
Daily Trend
The autocorrelation on the daily maximum and minimum data revealed a strong serial correlation in the time series for all the stations. The Modified
Mann-Kendall (MMK) was then applied to the temperature time series of each station data from 1981-2015. The MMK results are presented on the Table 3 .
The MMK test appeared to be strongly significant before adjustment, but the For TMIN the MMK results on Table 5 showed that the corrected p-values are significant for all the stations except for Eket that had a non-significant trend. The slopes were very low in all the stations, but Ikeja alone recorded a negative slope. The results of PW method presented on Table 6 revealed non-significant trends for Asaba, Lokoja, Oshogbo, Warri and Yelwa. The overall trend for each station was positively very low, with only Eket station having a negative relatively high trend. Table 7 .
The PW method used for monthly TMAX dataset showed a negative Kendall tau for Asaba and Benin stations. The linear regression also was negative for the two stations. The linear regression also showed negative values for Lokoja station.
The monthly slope trend of Asaba station was found to be negative displaying a downward trend, likewise, the overall trend (trend over the 35 years). The trends for the other stations were all positive both for the monthly trend and the overall trend except for Lokoja station that had no trend (slope = 0) for the monthly trend and very low slope (0.0044˚C) for the overall trend. The trends of the stations were not statistically significant as the p-values were all greater than 0.05 (α > 0.05) except for Calabar station that showed positively low but statistically significant trend (see Table 8 ). The TMIN showed a pattern similar to the TMAX in the trend. The MMK showed a statistically significant trend in all the stations both in the calculated p-value and the corrected p-value. Only Lokoja station had a "Non Available"
result with the corrected Z Kendall and p-value, but the calculated ones showed very strong significance. The slopes were all positive but low with only Ikeja station having a negative slope for the period under study (see Table 9 ).
The PW method for TMIN on Table 10 (7) stations were not statistically significant. 
Annual Trends
In the annual trend, the autocorrelation test revealed no serial correlation in the time series. The normal Mann Kendall trend test was then applied on both the TMIN and the TMAX data. The annual trend analyses for TMAX (Table 11) showed a negative S statistic for Asaba and Benin stations confirming the exis- The annual trend of TMIN revealed a negative monotonic trend in Ikeja station. This is observed from the results depicted on Table 12 with the negative S and Z
Kendall statistics values where the Z is strongly related to the Kendall tau. The
Sen's Slope revealed a negative trend for Ikeja but statistically significant using the p-value. All the other 10 stations had a significant positive trends. This is evident in the slopes that revealed the magnitude and direction of the trend. 
Discussion
This study showed that there are variabilities of the temperature over time during the period 1981-2015. The variability in the temperature have been observed by [37] . The temperatures had an increasing trend in some stations [38] and a decreasing trend in some other stations. For example, in the daily TMAX data, the MMK showed a low increasing trend over the 35 years except Asaba station that had a low decreasing trend. This shows that the temperature has increased during the period 1981-2015 and will increase in the future years in Nigeria in the actual climate conditions. But the PW test exposed a totally decreasing trend in all the stations both for the unit trend and the 35 years' trend. For the daily data there was a difference in the results presented by the two methods especially for the daily TMAX. The MMK seems to perform wel in that case and moreover, the de-trended and deseasonalised data gave a similar trend to the results obtained by the MMK for each of the stations. In the Table 5 and Table 6 the results showed the trend analysis on minimum temperature data using the MMK and the PW respectively; the PW performed better confirming like in the case of Table 3 and Table 4 the conclusion that the MMK method is a good test for daily data. For the monthly datasets, the PW method test performed as good as the MMK. The monthly data had a cyclical trend that the pre-whitening could easily remove by removing the noises and de-trending the data. For example, the MMK used for maximum monthly temperature showed a decreasing trend for Benin station while the PW showed a decreasing trend for Asaba station with a negative linear regression for both stations. The PW method performed better in this case because the deseasonalised trend data showed a clear decreasing trend for Asaba. Benin station also had a decreasing trend. The PW method revealed the decreasing tendency of Benin station confirmed by the linear regression value. For the minimum monthly temperature, the two tests, MMK and PW method showed the same results whereby Ikeja station had a negative trend slope.
In the case of daily temperature datasets, the autocorrelation test showed no serial correlation over the time. Therefore, the simple Mann Kendall and Sen's Slope were applied on the daily temperature dataset in order to detect the magnitude of the trends. The yearly data have always been easier to handle because in most cases, the noises are less or absent when compared to the monthly and daily data. The MK test showed a negative trend in the TMAX for Asaba and Benin station while a positive trend was observed in the TMIN leading to a decrease in the Diurnal Temperature Range. Similarly, Ikeja station recorded a decreasing trend in the TMIN, while an increasing trend was observed in the TMAX. These variations in the annual temperature trends of TMIN and TMAX in the different stations were also observed for the daily and monthly datasets. This implies that, daily mean temperature is increasing and the DTR which is the difference between the daily TMIN and TMAX, is increasing as well and may lead to health-related issues [56] . Some stations showed an increasing trend for both the TMAX and the TMIN. The stations that recorded an increase in the trend for TMAX and TMIN displayed a general increase in the mean temperature for the different datasets. An increase in the temperature could lead to severe Heat Waves under climate change.
In the three datasets, daily, monthly and annual, the different trends revealed a negative trend of Benin but more for Asaba station when considering the TMAX and a negative trend for Eket and Ikeja stations but the emphases is put on Ikeja station for all the different datasets.
Conclusions
The transformation of the data in different datasets during the analysis was to study the behaviour of the autocorrelation for the different datasets, daily, monthly and annual. The use and the comparison of the two different approaches, the Modified Mann-Kendall and the Pre-Whitening methods revealed that the daily data could be cumbersome to handle compared to the monthly and especially the yearly data. The comparison of the two methods showed better performance of the MMK method with the daily data, but a good performance of PW method for the monthly data. The two approaches may present some weaknesses, but they are comparable and good for different cases of analysis like choosing the MMK method for daily trend analysis or PW method for monthly trend analysis. The annual data did not require the use of MMK and PW methods because yearly data have less noise and the autocorrelation test reveals no serial correlation in most of the cases. Nigeria is experiencing an in-Open Access Library Journal crease in the temperature in almost all the stations and a decrease in some other stations like Ikeja mainly, Asaba and Benin depending on the temperature, minimum or maximum. The mean temperature is increasing in many stations and also the DTR. The increase of the DTR and in the mean temperature could impact communities by affecting the homeostatic mechanism, cardiovascular and respiratory diseases that can lead to death (old people and children), by increasing the malaria development across Nigeria especially in the South. It has been proved that the increase in the temperature threats natural life and lead to the extension of some species.
